Thuis paper presents a theory for the cause of congenital nmalfornmations of the heart and other structures associated with absence of the spleen. A (colmplete review of the literature and the data of the authors' 5 cases lead to this proposal: a lethal factor, possibly the product of a faulty ovulation, specifically affects the germinal bed of the mnesoblastic surface of the coelom at an ovulatory age of 24 to 28 days.
T WofOULD appear that congenital absence of the spleen is almost invariably associated with severe cardiac malformations. The purpose of this paper is to review the literature on. this subject, to present 5 additional cases, and to postulate a theory of etiology based on embryologic developmeiit. The first detailed description of splenic agenesis was recorded by Pohlius1 in. 1740. The description of the heart, hlowever, left some doubt whether a structural defect was present. Six reports2-7 had appeared earlier, the first being those of Schenkius2 and Hollerius.3 Martinll8 and Breschet9 described the first 2 cases of the association of splenic agenesis and defects of the heart and great vessels. A total of 81 eases of this combination has thus far been reported. Splenic agenesis is associated with anatomic malformations of the heart that inelude variations in systemic and pulmonary venous return, defects in the atrial and venitricular septa, anomalies of the truncus, puloionary artery and valve, and atrioventrieular orifice. Dextrocardia arid aitomalies of the abdominal viscera and lutngs, resulting ini bilateral symmetry0 or p)artial situs iiiversl,, are frequently present.
REvIEW OF THlE LITERATURE Twenty-seven instances of absence of the spleen that were un.associate(l with intracardiac defects have been recorded in the literature. 1 4, 6, [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] In an additional 16 From the Departmient of Pathology of The Children's Hospital, Washiugton, 1). C.
(ases no spe(cific mention of the heart was made in the autopsy findinlgs,2' 3 5, 7, 34-4" makin(r a total of 43. Partial situs inversus occurred in 811 13, 14, 19, 26, 28. 29, 33 (including 111 in. which there was separate drainage of the hepatic veins into the right atrium), and multiple congenital anomalies in 5 patiernts.4 6 10 12, 4 Prolonged chronic, infection or neoplasia was the cause of death in 14 insta1('es.3 7, 13, 13, 17, 18 24) 20 27, 28It would see28 most probable in the latter that destruction of splenic tissue rather than agenesis accounted for the absence of the spleen.
Millar and Garrow 3t reported a 6-week-old infant with cyanosis, since birth who was found at autopsy to have an enlarged heart, a right aortic arch, and an absent spleen. However, no intracardiae defect was present. This infant also showed a high percentage of normoblasts in the peripheral blood and bone mariow. An infant who died shortly after birth and who was found at postmortem examination to have a patent foramen ovale, symmetrical liver, and absence of the spleen was reported by Birch-Hirshfield. Early l)ulmollary venous channels are derived from the splanchnic plexus, which drains into the preeardinal and posteardinal veins as well as the umbilicovitelline system. At this stage the primordia of the lungs have no direct connection with the heart. To the left of the septum primum an outpouching occurs that extends toward the developing lungs and mnakes connection with that portion of the splanchnic plexus related to the lunogs.98
As the pulmionary veins are incorporated into the developing left atrium, the main anastomosis of the )ulmuonary vessels with the cardinal and umbilicovitelline venous systems is interrupted. This development of the pulmoniary venous system has been observed in embrvos between 21 and 30 days98 (horizons X-XIV; 2-7 mm. The physical findings of significance on admission were limited to the cardiovascular system. There was circuinoral cyanosis. The heart rhythm was regular. The first heart sound was of normal intensity and the second sound was nmarkedly accentuated and extraordinarily pure. N-o murmurs were heard. The blood pressure in the upper extremities was 72/48. The fenoral pulsations wele present bilaterally.
A shlowed a red(1 blood (-oulit of 4.9 million per ninii.' with 20 Gain. of hemnoglobin. The white blood count was 14,000 per mm.3 with 48 per cent neutrophils, 1 per cent eosinophils, and 51 per cent lymphocytes. There were 34 nucleated red blood cells per 100 white blood cells. The urinalysis was negative. An anteroposterior roentgenogram of the chest revealed a heart of normal size. The contour was abnormal with a tipped-up apex and a widening of the great vessel shadow, making a rather sharp angle at its junction with the heart. The vascularitv of the lung fields was markedlv decreased and the gas bubble in the stomach was on the right side. A barium swallow verified the dextroposition of the stomach without dextrocardia or displacement of the esophagus. An electrocardiogram showed normal sinus rhythm at 150 per minute, P-R interval of 0.12 second, QRS duration of 0.06 second, and right axis deviation. The R wave in V1 measured 16 mm. and in V5, 8 mnu. There was right ventricular preponderatnce.
The infants' course was characterized by progressive increase in eyanosis terminating in congestive failure and death at 9 months of age.
Pertinent Ai topsy Findings. The major portion of the heart lay to the left of the midline. Both lungs had 3 lobes. The right and left lobes of the liver were of approximately equal size, but the inferior vena cava had an abnormal position to the left of the quadrate lobe. The gallbladder lay beneath the right lobe of the liver in a normal position. The stomach was dextroposed, the duodenum passing to the left. The majority of the pancreas lay to the right of the midline with the tail extending to the right and the head lodged in the curve of the duodenum. The The physical findings of significance were limited to the cardiovascular system. Cyanosis and clubbing of the fingers and toes were present. There was a slight right precordial bulge, the point of maximum intensity was in the fifth right intercostal space and the rhythm was regular. The blood pressure was not recorded. There was a harsh systolic murmur heard best over the apex and that extended throughout systole. The murmur was transmitted to both axillae, the back, and the entire precordium. Diastole was clear. There were good femoral pulses.
Urinalysis was negative. The hemoglobin was 14.0 Gm. per 100 ml., the leukocyte count was 26,000 per mm.3 with 38 per cent polymorphonuclear cells and 62 per cent lymphocytes. An anteroposterior roentgenogram of the chest revealed a heart to be on the right and not enlarged. There was straightening of the left border in the position usually occupied by the right atrium in a dextrocardia, and the great vessel shadow at the base was narrowed. There was slight decrease in the vascularity of the lung fields. The liver was on the left side of the abdomen. An electrocardiogram revealed regular sinus rhythm with a rate of 155 per minute and a P-R interval of 0.15 second. The P waves in lead I were inverted. In aVR the main deflection was upright and the T waves were diphasic. The QRS complex was diphasic in aVL with inverted T waves. The infant's condition progressively deteriorated and she died at 21/2 years of age.
Pertinent Autopsy Findings. The major portion of the heart lay on the right side of the thorax. The left lung was divided into 3 lobes with an additional small accessory lobe. The right lung was normally lobulated. The Description of the Heart. The heart ( fig. 4 ) was on the left side. There was a functional single atrium, the only evidence of an atrial septum being a septum primuni, which was markedly displaced to the left. It was broad on the posterior aspect and narrow on the anterior aspect. There was no septum secundumn. The superior vena cava was in its usual position and drained into the right side of the single atrium; the inferior vena cava drained into its left side. The coronary sinus was absent. There was a common atrioventricular orifice measuring 8.6 em. consisting of 5 cusps, 1 very large anterior cusp, 1 smaller posterior cusp, and 3 additional diminutive cusps, all of which appeared to be displaced to the right in a clockwise direction. The endocardial cushions were displaced to the right and were represented by the 2 larger cusps. Both great vessels lay side by side, the aorta arising from the right side and the pulmonary artery from the left side of the single ventricle. The aortic and pulmonary valves measured 2.9 cm. and 3.3 cm. respectively, each consisting of 3 cusps and having 3 semilunar valves. There was no division of the ventricles except by a small muscular ledge that arched anteriorly between the orifices of the great yeasels; no rudimentary outlet chamber was present.. Microscopic examination showed extramedullary hematopoiesis of the liver and an increased number of nucleated red cells in the sections of the bone marrow. There was a moderate degree of lymphoid hyperplasia.
The pathologic diagnoses are summarized in table 1 .
Case J K.W. This white female infant was admitted to the hospital at 3 weeks of age because of eyanosis since birth. There was no relevant family history. The birth weight was 9 pounds and the delivery was uncomplicated. Respiratory difficulty and cyanosis became progressively worse until admission.
The relevant physical findings were as follows: The heart was regular, there was cardiac enlargement to the left, and a harsh systolic murmur was heard over the entire precordium, loudest over the left lower sternum. There was a questionable systolic thrill in the fourth left intercostal space. The peripheral pulses were weak. The blood pressure was not recorded. There was 2 plus pitting edema of the lower extremities and puffiness of the eyes and face. The liver was palpable 5 cm. below the right costal margin. The hemoglobin was 14.4 Gm. per 100 ml., red blood cell count 4.88 million per mm.3, white blood cell count 16, 678 per mm.3 with a differential count of 66 per cent polymorphonuclear cells, 32 per cent lymphocytes, and 2 per cent monocytes. There were 62 nucleated red cells per 100 white blood cells. An anteroposterior roentgenogram of the chest revealed the heart to be enlarged both to the left and to the right with a tipped-up apex and a widened great vessel shadow, which made an abrupt angle at its junction with the heart. The vaseularity of the lung fields was moderately decreased. An electrocardiogram revealed a regular sinus rhythm of 150 per minute and a P-R interval of 0.12 second. The P waves were flat in lead I and upright in leads II and III. There was marked left axis deviation. The T waves were flat in lead I and slightly upright in leads II and III. The precordial leads were normal. The patient was digitalized and operation was planned for the morning following admission, but during the night the patient died.
Pertinent Autopsy Findings. The heart lay on the left side and each lung had 3 lobes. The liver was central in position, the largest lobe being on the right. The gallbladder was in a central position. The stomach was on the right side under the liver. The duodenum consisted of 1 small loop that was; short, joining quickly with the jejununi. The head of the pancreas was on the left side Description of the Heart. The heart (fig. 5) and lungs together weighed 210 Gm. There was a functional single atrium with no septum secundum. The only evidence of an atrial septum was a triangular-shaped septum primum, which was normal in position with its base inserted dorsally and the apex ventrally in the midline of the common cavity formed by the 2 atria. The superior vena cava was in its usual position and the inferior vena cava in addition to a persistent left superior vena cava drained into the left side of the septum primum. The coronary sinus was absent. There was a common atrioventricular valve consisting of 3 cusps, a large anterior, a large posterior, and a small lateral cusp. The single atrium communicated by way of the common atrioventricular orifice with a single ventricle that in turn communicated with a rudimentary outlet chamber from which a persistent truncus arteriosus arose. The valve was formed by 3 cusps; both coronary arteries were present. There was no main pulmonary artery; the right and left pulmonary arteries arose directly from the common trunk and the ductus arteriosus was absent. The vessels of the left-sided arch were normally situated. All pulmonary veins converged into 1 large vessel that drained into the atrium to the right of the septum primum.
Microscopic examination of the liver showed a slight degree of extramedullary hematopoiesis.
A summary of the autopsy findings is in table 1 .
Discussion of Cases Reported
These 5 cases are remarkable in their similarity both to each other and to those previously reported Levocardia was present in 4 and dextrocardia in 1. A functional single atrium was present in all cases and was associated with a single ventricle in 2. A common atrioventricular valve as well as anomalies of the cono-truncus region were features common to all cases, a truneus arteriosus occurring in 1 and transposition of the great vessels in 4. Of the latter, 2 were associated with pulmonary atresia, 1 with pulmonary stenosis, and 1 with a normal pulmonary artery. Total anomalous pulmonary venous return was present in 3 instances; in 1, the orifices of the pulmonary veins were atretic; and in 1, a single common pulmonary vein drained into the left side of the common atrium. The systemic venous return was anomalous in 4 cases; in case 1 a persistent left superior vena eava as well as a left inferior vena eava, which received 2 hepatic veins, drained into the left side of the atrium; in case 2 the superior vena cava as well as 2 hepatic veins drained separately into the left atrium while the inferior vena cava joined the right atrium; in case 4 the inferior cava drained into the left atrium, while in case 5 a persistent left superior vena cava as well as the inferior vena cava drained into the left atrium. The coronary sinus was absent in cases 1 and 4.
Supernumerary lobulation of the left lung as well as partial situs inversus with a marked tendency toward bilateral symmetry was common to all cases. Extramedullary hematopoiesis in the liver as well as erythroid hyperplasis of the bone marrow were also constant findings. A normoblastemia of the peripheral blood was seen in cases 1, 3, 4, and 5. Four 
DISCUSSION
Examples of splenic agenesis with malformations of the heart and great vessels together with partial situs inversus fall into a fairly uniform anatomic pattern.
Agenesis of the spleen was considered by Putschar26 to be the result of arrested development. Studies of the cardiac malformations that occur in association with splenic agenesis reveal anomalies of structures that would be developing during early splenic organogenesis. Ivemark46 in an extensive study drew the general conclusion that a teratogenic action on the heart takes place simultaneously with resulting developmental arrest.
Gasser and Willi5' considered the underlying causative mechanism to be an endogenous lethal factor.
The problem of partial or total situs inversus with a constant tendency toward visceral symmetry has been discussed by Toldt,1'9 Geipel,5, 100 89 The timing of the operation of this factor at 24 to 28 days raises the question whether it is a by-product of a faulty or abortive ovulation released into the blood stream at the time ovulation would have taken place had a pregnancy not occurred. From a practical standpoint, a study of pregnant women 2 weeks after their first missed menstrual period might result in a discovery of this factor and ultimately lead to preventive measures.
SUALMARY
The literature on splenic agenesis associated with congenital malformations of the heart has been reviewed and 5 additional cases have been reported. The current theories of etiology have been discussed. Certain postulations -oncerning the probable explanation for the combination of lesions found in this syndrome, have been advanced.
